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EVVB in a Nutshell
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Status of transport calculations

7/]B /(T)B )CMB [ M 200 G€VJ

3 T T
® SUSY:order of magnitude spread in @ "‘::i%g |
. . Mmy,=
existing results for ng - m,=300 -
15| M,=1000 -
® Dramatic implications for EWB viability o ‘
0OFr -
. . . -05 4
full quantum kinetic equations, 41 |
but questionable power counting‘ 4 5 Lonstandin-Frokopec;Schmidt-secq 0506

O 50 100 150 200 250 300 350 400 450 500

u (Gev)

“vev insertion approximation”

773/(773) B {M2=200G6V} j 773/(773) B\ M, 200G€V
by ome oo

=T \}: :1330 o S0} =100 GeV
°T Carena-Quiros-Wagner- | 40 =150 GeV
i Seco '00-’02-'04 . : =400 GeV
' 30}

°r T : Cirigliano,CL,Ramsey-
WL | 20 Musolf, Tulin "06

1 | 10}

1 1 1 1 1 1 1 0 :. B
. :

100 150 200 250 300 350 400 450 500 :
100 200 200 =200

u (GeV) u (GeVy



Study quantum transport in simple 2-scalar model

b — Or e.g. Squarks in MSSM
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“Mass basis”
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Hierarchy of length scales
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Ki N eti C Eq U ati O N S V. Cirigliano, CL, S.Tulin (201 1)

Gij(k; X) = 2m6 (k™ — mg;)[0(k”) fij (k, X) + 0(=k") (3:; + fij (—k, X))]
Green’s Particle Anti-particle
functions densities densities
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Previous VWork

® Konstandin, Prokopec, Schmidt, Seco (2004-05) made set of
approximations decoupling the components of the kinetic equation:
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Flaw in the Logic

® Flaw:fi22 can be O(E?U)

® Explicit solutien of “decoupled” equations:

this is O(ey)
y 1

but integral is over a region of size L, ~ —
Cw




Consistent Power Counting

Restore full source term in  O(¢,,) kinetic equation:
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The Magnetic Analogy

Decompose 2x2 matrix of distributions in the basis:

f(k,z) = @; g) = Ipo(k,2) + & - plk, 2) G =50

total flavor 0 :
occupation “orientation” g < Z)

~ Kinetic Equations can be rewritten in the suggestive form:

) e e ik AL SR 2 e AT S s

W SRS Y TP 15 5 PPN PR s s P A R
PR, !( X e y ‘ T oy ‘4"’- "‘E' e .'F‘:"'g'
S A L T M FE R A Y




The Magnetic Analogy

particles

antiparticles

“Magnetic field” in z-direction in absence of wall: By = (0,0, w; — ws)

CP-violating “Magnetic field” 2sino b +sin20 coso o

generated by spacetime-varying wall: By = | —2cosc 6 +sin20 sino g
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Solutions for flavor polarizations
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__antiparticles

0.0176.

0.0174)

S I
R 0.0172F

0.0170"

0.0168-

large oscillations in px,y, large deviations from equilibrium for po,;




Flavor-Blind Collisions, CP Violation

Start in CP-invariant, = (nB (w1 (k)) 0 >

equilbrium initial state: e

CP-Violating left-handed
density in flavor basis

late-time
chemical potential

mL=22T, mR=2T
(plots of k = 3T mode)



Comparison to previous work

® Exact and approximate solutions for flavor diagonal densities nL, nR exhibit
large discrepancies outside bubble wall:

On resonance, my/T = 2.2

exact
approximate
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exact

approximate
—0.00005 PP

np.r(z) = | d°k(pg £ p,)(k,2)



Dependence on Mass Spectrum

Size of total integrated left-handed density generated outside the
wall depends on mass spectrum:

smaller wall length leads to efficient
“non-adiabatic” production

resonant enhancement for me=mgr




Status and Outlook

® Extension to fermions in progress

® Then: conversion of left-handed fermion density into
baryon density by sphalerons

® Phenomenology in a realistic model of EVWB

® could already study squark-driven EVWB
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Lessons Learned

® CP-violating flavor oscillations can be the largest
source responsible for asymmetry in left-handed
fermion density n and thus for BAU

® Maximal resonant generation of asymmetry for
small mass differences and thus large oscillation

wavelengths
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Viability of MSSM Baryogenesis

® First-order phase transition requires Higgs mass
mp S 127 GeV and a light stop m; S 120 GeV g eran:

Quiros,Wagner

e LEP2 bound: mgy > 114 GeV

® First-order EWPT with higher 71V [f possible with extra scalars
(e next-to mlnlmal §uper§ymmetrlc extenglon of the Standard Model) e
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Comparison to previous work

Adiabatic bin, k/T = 0.5

exact
approximate |

100 150

0.0010}

0.0005/

=
<
Q.

—0.0005|

—0.0010"

0.0000}

antiparticles

exact
approximate |

_\— —— ey TR b L T kT T e T —

-50

Non-adiabatic bin, k/T = 3.5

exact
approximate

0.0015¢
0.0010"

0.0005!

>

—0.0005"
—~0.0010!

~0.0015¢

< 0.0000}

\ w w =
exact
approximate |

-50

solutions for pxy agree slightly better



4 oy 9 :g I : - R
7 =l -‘4- R"v 1C AAY - gt ang i g ” : PO L A X
R S Tl P f'g ity “‘f“-?u"" Sl e e S s

In terms of the Magnetic Analogy
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Transport Equation for Baryon
Density

® | eft-handed fermion density biases sphalerons to
produce net baryon density:

O:pB(T) — DqVZ,oB mkod i




Electric Dipole Moments

® EDMs generated at one loop in MSSM

%V Ibrahim, Nath
f o, T

but suppressed for large sfermion masses R ;7

IMasSSesS

Chang., Chang, Keung;
Pilaftsis;
Giudice, Romanino

independent of mg; dominant for mg = leNE



Searches at Low Energy

Manifestation of New Physics and symmetry violation through
virtual quantum effects in low-energy precision experiments

e.g. intrinsic electric dipole moments of electrons, neutrons Gl
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Sizes of Electric Dipole Moments: N ot guses
> A cells
® Neutron EDM = 10-3% e cm in Standard Model N Seciodes
, 4 B g uperconducting
: R b shield '
®  Current best experimental limit < 3 x 102¢ e cm Poe Ferromagnetic

® Baryogenesis implies neutron EDM > 1022 e cm

® New experiments will have sensitivity down to
1022 e cm




Combined BAU & EDM
C O n St rai n ts Cirigliano, CL, Ramsey-Musolf, Tulin

(in vev insertion approx)

® CP-violating phase needed to generate observed

BAU:
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Combined BAU & EDM constraints (2006)

EDM present limits:

de < 1.9 x 10?7 e cm Berkeley Tl (2002)
dn < 3.6 x 1026 e cm ILL UCN (2006)
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Projected future limits: Ramsey-Musolf
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